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Method for synchronizing base stations of a radio communication system 



(57) The synchronization system uses a TDM A or 
AMPS air interface to provide tuning synchronization 
between previously unsynchronized base stations. The 
synchronization of base stations is critical between 
when determining the geographical position of a mobile 
because the geographical position is determined using 
a time difference of arrival method. In o rder to s ynch ro- 
n ' ze a remote base_ station wi tjTa^eryjng _base station , 
the [eniotebasej^ 

ing base sta tion and m easuring the-recejying timojatthe, 
signa!_aithej£mot^ 

of the remote base station. The s ynchroniza tion system 
deter mines the tn^mjssio n time of the si gnal based on 
th © J§MRtiQ!l Jirne ^oJ:^e_signaLand^the_distance 
between the base stationsjn relation to the clock signal 
of the second station, and synchronjzesjhejclpc^ the 
remot ^ L^d se ^tjon toffied^c^tfie serving base sta- 
tion based on the offset in the clock^cleFaTttie time 
the signal was^r^mitted. ----- *™— 
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Description 

Held Of The Invention 

[0001 1 The present invention relates to a method for 
communi cating betw een base stations and mobiles to 
prov ide~an accura te timing source betwe en uns ynchro- 
nized jase stati ons and more particularly to a method 
for communicating between base stations and mobiles 

to proyjg^^iL^^jdrJ^® ^"!^__.!^^! y^. en unsv Qi 

chronized base stations in a wireless TDMA or AMPS 
system. 

Description Of Related Art 

[0002] The increased popularity of wireless teleph- 
ony including cellular, enhanced specialized mobile 
radio (ESMR) and personal communication services 
(PCS), has resulted in a surge in wireless calls to 91 1 . 
Public safety agencies strive to provide the same level 
of service to cellular callers as for land line callers, but 
they are hampered by significant technological diversity. 
Enhanced 91 1 systems were designed and constructed 
to support land lines telephones. Land lines telephones 
are connected via fixed wires back to Telco Central 
Offices (TCOs), and thus there is a permanent relation- 
ship between the telephone and its location. When 
someone places a 91 1 call from a land line telephone, 
the location of the phone is used to determine the clos- 
est police, fire, medical agency and public safety 
answering point (PSAP). Having this detailed operation 
at the operator's fingertips enables the rapid response 
for which 91 1 systems are known. 
[0003] However, wireless callers are not associated 
with any location, which is why they are so popular. This 
benefits works against a wireless telephone or mobile 
use that requires emergency assistance. When a 
caller's geographic location is unknown, a operator 
must spend valuable time at the start of the call obtain- 
ing basic information about the location and area police, 
fire, medical agencies and PSAPs before fully under- 
standing the nature of the emergency. Therefore, a 
quick determination of a caller's location can be crucial 
for a person's safety. 

[0004] Wireless telephone base stations with 
mobile location systems are being considered to deter- 
mine the geolocation of a mobile. Since the advent of 
radar, high accuracy location systems have used time 
difference of arrival (TDOA) methods as a preferred 
technology for location determination. In fact, the Global 
Positioning System (GPS) is a TDOA based system as 
are most of the systems proposed for the location and 
monitoring service being allocated by the FCC. TDOA 
systems operate by placing location receivers at multi- 
ple base stations geographically disbursed in a wide 
area. When a signal is transmitted from a mobile, the 
signal propagates at approximately a thousand feet per 
second to local base stations, where the signal recep- 



tion is time stamped. The differences in time stamps are 
then compared using well known triangulation methods 
to produce intersecting hyperbolic lines from which the 
location is estimated. 

5 [0005] However, TDOA methods require the base 
stations used in the triangulation methods to be accu- 
rately aligned in time. In other words, the base stations 
must be synchronized. Currently in TDMA and AMPS 
wireless systems, external equipment must be added to 

10 all of the individual base stations to provide the required 
timing accuracy and synchronization. 
[0006] CDMA is a very different technology than 
TDMA or AMPS. CDMA has an N=1 frequency reuse 
plan where the same frequency spectrum is used by 

15 neighbor cells (to increase capacity). The synchroniza- 
tion of CDMA cells allows digitally coded voice data to 
be seamlessly handed off to a neighbor cell. TDMA has 
an N-7 frequency reuse plan and the individual 30 kHz 
frequency channels are not reused by adjacent cells but 

20 reused by cells far enough away to minimize co-channel 
interference. 

[0007] Therefore, it is desirable to provide a method 
to provide timing synchronization between base sta- 
tions in TDMA and AMPS systems without the imple- 
25 mentation of expensive external equipment 

Summary Of The Invention 

[0008] The present invention improves upon con- 

30 ventional TDMA and AMPS systems by providing an 
approach to use a TDMA/AMPS air interface to provide 
timing synchronization between unsynchronized base 
stations. This is accomplished in a preferred embodi- 
ment by marking time stamps of signals arriving at pre- 

35 determined or candidate base stations from a serving 
base statio n. T he time stamps are marked in relation to 
a dock.sj gnalof the^ - 
T he res pective , candidate. to s e_station ,becomes_syn- 
chronized with the seiving^base^te^n^^se^on^ 

40 down link offeet cak^lat e^^ 

t ion that represents the fractional symbol time, relative 
to the internal symbol clock of the respective candidate 
base station , between th e time the si gnal is transmitte d 
f rom the serving base station to a next predeteiTnined 

45 c yclical point of the symbol clockof ^g^gnoldate^base 
station. The predetermined cyclical point may be, for 
example, at the beginning of the next cycle when clock 
goes high. The re spective candidate base station de ter- 
mines th e, time the s ig nal was transmitted based on the 

so time the signal is received at the candidate base station 
an^hiloiown time required for the signal to trayeljrom 
the serving base station to the candidate base station. 
[0009] Sih^The^erving base station transmits the 
signal at a known point of its symbol clock cycle, for 

55 example the beginning of a clock cycle, the candidate 
base station can synchronize its internal symbol clock to 
the internal symbol clock of the serving base station. 
The synchronization is established by aligning the cal- 
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culated down link symbol offset to correspond to the sig- 
nal transmission time at the serving base station. 
[0010] Although the internal symbol clocks of the 
base stations are not synchronized, they do operate at 
the same frequency based on the accurate and conven- 
tional T1 link clock. In other words, each clock operates 
at a frequency of about 1 .544 MHz plus or minus 75 Hz. 
Accordingly, base station symbol clocks maintain 
approximately the same relationship in alignment to 
other base station symbol clocks. Therefore, two base 
stations that are in sync will remain synchronized for 
subsequent communication. When base stations are in 
sync, it is possible to perform operations that require 
synchronized stations, such as TDOA information used 
for determining the location of a mobile. Therefore, this 
invention provides a method for synchronizing base sta- 
tions such that a mobile's location can be determined 
using conventional TDOA methods. 
[0011] Determining a mobile's position provides a 
greater benefit than the application of emergency man- 
agement from 911 calls. Other applications, such as 
fraud management, location sensitive billing, vehicle 
and fleet management, inventory/package monitoring, 
and wireless system design would also become availa- 
ble to TDMA and AMPS systems without severe hard- 
ware implementation costs. 

[0012] In a preferred embodiment, the synchroniza- 
tion system is a software implementation on a computer 
used to determine the geographic location of the 
mobile. The software implementation receives a time 
stamp of receipt of a first signal transmitted from the 
serving base station to a candidate base station. The 
time stamp is measured in relation to the symbol clock 
of the candidate base station. The synchronization sys- 
tem determines the time the signal was transmitted from 
the serving base station, as a transmission time stamp, 
based on the receiving time stamp of the signal and the 
known distance between the serving base station and 
candidate base station. This transmission time stamp is 
measured in relation to the symbol clock of the candi- 
date base station. The synchronization system then 
synchronizes the symbol clock of the candidate base 
station to the symbol clock of the serving base station 
by aligning the determined transmission time stamp of 
the signal to the known point of the serving base station 
symbol clock cycle that represents the actual transmis- 
sion time stamp from the serving base station. 

Brief Description Of The Drawings 

[0013] The invention will be described in detail with 
reference to the following drawings, wherein like numer- 
als represent like elements and: 

Fig. 1 is a block diagram illustrating the basic com- 
ponents of a conventional TDM A/AM PS wireless 
system; 



Fig. 2(a) is a schematic perspective view of the syn- 
chronization system implementation according to a 
preferred embodiment of the invention; 

5 Fig. 2(b) is a schematic perspective view of the syn- 

chronization system implementation according to 
another preferred embodiment of the invention; 

Fig. 3 illustrates a flow chart of a preferred embodi- 
10 ment of the synchronization system; 

Fig. 4 is a timing chart illustrating an example syn- 
chronization of internal symbol clocks from different 
base stations in accordance with a preferred 
is embodiment of the invention; 

Fig. 5 illustrates a flow chart of another preferred 
embodiment of the synchronization system; and 

20 Fig. 6 illustrates a flow chart of yet another pre- 
ferred embodiment of the synchronization system. 

Figs. 7(a) and 7(b) illustrate an exemplary message 
format in a preferred embodiment of the synchroni- 
es zation system. 

Detailed Description Of The Invention 

[0014] The present invention is directed to a syn- 
30 chronization system for a method of using a TDMA air 
interface to provide timing synchronization between 
base stations involved with a mobile locate without the 
use of expensive external base station equipment. The 
system and method support TDMA and AMPS commu- 
35 nication systems and meets current distance and 
response time requirements of 91 1 using existing base 
station hardware. Although the embodiments described 
herein are used in a TDMA communication system, it is 
understood that the embodiment are also applicable to 
40 an AMPS communication system as described below. 
[0015] One embodiment of the approach for syn- 
chronizing a communication station to another commu- 
nication station is shown, for example, at Fig. 1. As 
shown, Fig. 1 illustrates a conventional TDMA wireless 
45 system 5 including a serving base station 1 0, a candi- 
date base station 20, a candidate base station 30, and 
a mobile 40. The serving base station 10 is separated 
from the candidate base station 20 by a known distance 
Dsa, and is separated from the candidate base station 
so 30 by the known distance D str The mobile 40 is located 
between the base stations 10, 20 and 30 and communi- 
cates with the base stations 1 0, 20 and 30 via commu- 
nication channels over which signals modulated with 
data and codes are transmitted. 
55 [001 6] Fig. 2(a) illustrates a diagram of a synchroni- 
zation system implementation. The synchronization 
system 1 includes a computer 60, an article of manufac- 
ture 70 and is preferably located at the serving base sta- 
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tion 10 or at another location that can communicate in 
real-time with a receiver or transmitter of the serving 
base station 10. Therefore, the synchronization system 
1 may be located at one of the candidate base stations 
20, 30 or another location communicatively connected 
to the serving base station 10. The article of manufac- 
ture 70 includes a computer-readable medium and an 
executable program for synchronizing the candidate 
base stations 20, 30 to the serving base station 10 and 
for locating the mobile 40. 

[0017] Fig. 2(b) illustrates an alternative synchroni- 
zation system implementation. The synchronization 
system 1 includes the computer 60 for receiving a signal 
80 carrying the executable program for synchronizing 
the candidate base stations 20, 30 to the serving base 
station 1 0. The signal 80 is transmitted in a digital for- 
mat either with or without a carrier wave. 
[0018] Preferred embodiments of the invention will 
be described in the following order. First, an approach to 
synchronize a candidate base station 20, 30 to the serv- 
ing base station 10 will be explained while referring to 
Figs. 3 and 4. Then, an approach for measuring the time 
between a transmission event from the serving base 
station 1 0 and receipt of a subsequent event will be 
explained while referring to Figs. 4 and 5. Last, an 
approach for gathering time differences for different 
candidate base stations 20, 30 for locating the mobile 
40 will be explained while referring to Figs 4 and 6. 
[0019] Fig. 3 illustrates a flow chart for synchroniz- 
ing a candidate base station 20, 30 to a serving base 
station 1 0 from the perspective of the respective candi- 
date base station 20, 30. The serving base station 10 
sends a down link "event" with a time stamp embedded 
in unused data symbols of the frame. The "event" for 
TDM A is, for example, a point in time when a phase 
change occurs between symbols in the transmit. At 
S10, the candidate base station 20, 30 receives the 
down link event and measures the time stamp embed- 
ded in the "event". The candidate base station 20, 30 
measures the receipt time based on the symbol clock of 
the respective candidate base station 20, 30. 
[0020] Rg. 4 illustrates an example timing chart of 
an internal symbol clock of the serving base station 10 
and a candidate base station 20, 30. As shown, the 
serving base station 10 transmits the down link "event" 
at transmission time T 0 , which is received at the candi- 
date base station 20, 30 at the down link reception time 
T^ as described in step S10 of Fig. 3. The receiving 
time of the down link "event" reception time T n is shown 
at Rg. 4 relative to the symbol clock of the respective 
candidate base station 20, 30. 

[0021] At step S20 of Fig. 3, the synchronization 
system 1 determines the transmission time T 0 of the 
down link "event" in relation to the symbol clock of the 
candidate base station 20, 30. The down link transmis- 
sion time T 0 is determined based on the time T 1 that the 
transmission is received at the candidate base station 
20, 30, and the known distance between the serving 



base station 10 and the respective receiving base sta- 
tion 20, 30. In other words, the down link transmission 
time T 0 is equal to the down link reception time T 1( 
minus the time for the down link signal to travel from the 

5 serving base station 1 0 to the candidate base station 
20, 30. Assuming a line of sight signal path, the travel 
time of the signal is equal to the distance between the 
serving and candidate base stations divided by the 
wavespeed of the signal. 

w [0022] At step S30 of Rg. 3 the synchronization 
system 1 aligns the symbol clock of the candidate base 
station 20, 30 to the serving base station 10 according 
to the symbol clock differences. The serving base sta- 
tion 10 transmits its down link "event" at time T 0 , for 

15 example, when a phase change occurs between sym- 
bols in the transit. As shown at Fig. 4, the transmission 
time T 0 for the phase change occurs when the symbol 
clock goes high. The down link transmission time T 0 
determined by the candidate base station 1 0 is marked 

20 on the symbol clock of the candidate base station 20, 
30, and is aligned with the known point in time when the 
serving base station 10 sends the down link "event". 
The synchronization system 1 determines a down link 
offset D 0 as the time between the transmission time T 0 

25 and the beginning of a next symbol clock cycle at the 
candidate base station 20, 30. Accordingly, the down 
link offset D 0 represents the symbol offset between the 
clocks of the serving base station 10 and the respective 
candidate base station 20, 30. 

30 [0023] Thus the symbol clock of the candidate base 
station 20, 30 is synchronized with the symbol clock of 
the serving base station 10 because any point on the 
symbol clock of the serving base station 1 0 corresponds 
to a similar point on the symbol clock of the candidate 

as base station 20,30 shifted by the down link offset D 0 . 
Accordingly, by aligning the predetermined time of the 
symbol clock at the serving base station 1 0 with the cal- 
culated down link transmission time T 0 the candidate 
base station 20, 30 is synchronized with the serving 

40 base station 1 0. 

[0024] Next, an approach for measuring the time 
between a transmission event from the serving base 
station 10 and receipt of a subsequent event will be 
explained with references to Rgs. 4 and 5. Once the 

45 candidate base station 20 or 30 is synchronized with the 
serving base station 10 based on the down link offset 
Do, subsequent "events" are also synchronized. That is, 
a subsequent time stamp received at the candidate 
base station 20, 30 can be measured from a known 

so point on the symbol clock of the serving base station 1 0. 
Therefore, a subsequent signal can be received by the 
candidate base station 20, 30, and the synchronization 
system can determine a time difference between the 
time of the transmission down link T 0 and the receipt of 

55 the subsequent signal. 

[0025] Fig. 5 illustrates an example flow chart of 
another preferred embodiment of synchronization sys- 
tem 1. In this preferred embodiment, at step S100, the 
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synchronization system 1 synchronizes a receiving 
base station 20, 30 to a serving base station 10 as dis- 
cussed above and shown at Fig. 3 for steps S1 0, S20 
and S30. After the synchronization system 1 synchro- 
nizes the candidate base station 20, 30, the respective 5 
candidate base station 20, 30 receives a subsequent 
signal at step S1 1 0. This subsequent signal can origi- 
nate from any transmitting source, such as the mobile 
40, the serving base station 10, or another candidate 
base station 20, 30. The candidate base station 20, 30 w 
measures the receipt time of the subsequent signal in 
relation to the symbol clock of the receiving candidate 
base station 20, 30. 

[0026] After the candidate base station 20, 30 
receives a down link message from the serving base w 
station 10 and synchronizes the respective candidate 
base stations 20, 30 to the serving base station 1 0, at 
S100, a transmitting source such as the mobile 40 
sends an uplink "event" in response to the control mes- 
sage. The uplink "event" is, for example, a phase 20 
change that occurs between known symbols in the 
transmit. The serving base station 10 and candidate 
base stations 20, 30 receive the uplink "event" and 
measure the receipt time of the uplink "event" based on 
the symbol clock of the respective base station 1 0, 20 25 
and 30. Since the candidate base stations 20, 30 have 
been synchronized with the serving base station 10 at 
step S100, the synchronization system 1 can determine 
at step S120 a difference between the transmission time 
T 0 of the down link "event" transmitted from the serving 30 
base station 10 and the receipt time T 4 of the uplink 
"event" transmitted from the mobile 40 and received at 
the respective candidate station 20, 30. Of course, the 
synchronization system 1 can also determine at step 
S1 20 the difference between the transmission time T 0 of 35 
the down link "event" transmitted from the serving base 
station 10 and the receipt time T 5 of the uplink "event" 
transmitted from the mobile 40 and received back at the 
serving base station 10. The difference in time is 
reported as the sum of the down link offset D 0 - the time 40 
from time T 0 to the beginning or rise time of the next 
symbol - plus an uplink offset U 0 , described below, plus 
the number of symbols between the down link offset D 0 
and the uplink offset U 0 . 

[0027] Fig. 4 also illustrates an example uplink off- 45 
set U 0 of an uplink "event" received by a candidate base 
station 20, 30. As discussed above, at step S1 1 0 of Fig. 
5, the candidate base station 20, 30 receives the uplink 
"event" at T 4 in relation to the candidate symbol clock. 
The synchronization system 1 then measures the time 50 
interval between T 4 and the most recent rise time of the 
symbol clock, time T 3 . The uplink offset U 0 is then deter- 
mined as the fractional part of a symbol clock relative to 
the internal symbol clock of the respective candidate 
base station 20, 30 from the beginning of the last sym- 55 
bol clock rise time T 3 to the uplink "event" receipt T 4 . 
Therefore, the synchronization system 1 measures the 
total time between the transmission time T 0 of a down 



link "event" from the serving base station 10 to the 
receipt time of an uplink "event" received at the candi- 
date base station 20, 30 as the sum of the down link off- 
set D 0 , the uplink offset U 0 and the number of symbols 
therebetween. 

[0028] Next, an approach for gathering time differ- 
ences from different candidate base stations 20, 30 for 
locating the mobile 40 will be explained with reference 
to Figs. 4 and 6. The embodiment describes a method 
for providing an accurate timing source for locating a 
geographic position of a mobile 40 placing a 91 1 calk 
[0029] At step S200 of Fig. 6, the serving base sta- 
tion 10 receives a "911" call. The call is transmitted by 
the mobile 40 on a reverse channel and triggers the 
base station 10 to locate the mobile 40, for example as 
discussed below. In response to the 91 1 call, the serv- 
ing base station 10 transmits a geo-locate request to 
neighboring base stations local to the serving base sta- 
tion 10. The geo-locate request is embedded in T1 con- 
trol messages and is transmitted via an executive 
control processor (ECP) at the switch in the PSTN. 
[0030] Based on the geo-locate request, the neigh- 
boring base stations check the signal quality of the 
transmit signal sent from the mobile 40, and sends the 
signal quality level back to the serving base station 10 
through the ECR Upon receipt of the resulting signals, 
at step S220, the serving base station 10 determines 
which neighboring base stations are good candidates 
for a geo-location of the mobile 40. The neighboring 
base stations that received the transmit signals from the 
mobile 40 with a signal quality that is sufficiently high 
are assigned to be candidate base stations 20, 30 and 
are used to gather TDOA information, as described 
below. 

[0031 ] At step S230, the serving base station trans- 
mits a down link message to the mobile that is also 
received by the candidate base stations 20, 30. In a pre- 
ferred embodiment, as illustrated in Figures 7(a) and 
7(b), an IS 136A message format is utilized. Figure 7(a) 
illustrates the slot format for mobile station to base sta- 
tion messaging and Figure 7(b) illustrates the slot for- 
mat for base station to mobile station messaging. Slot G 
represents guard time, slot R represents ramp time, 
DATA represents user information or FACCH, SACCH 
represents slow associated control channel, CDVCC 
represents coded digital verification color code, SYNC 
represents synchronization in training, CDL represents 
coded digital control channel locator, and RSVD repre- 
sent reserved. In the present embodiment, commands 
can be sent during the SACCH interval of the down 
linked message. 

[0032] The candidate base stations 20, 30 then 
synchronize their internal symbol clock with the internal 
symbol clock of the serving base station 10 in the man- 
ner described above at steps S10 to S30 of Fig. 3. 
[0033] The down link message also informs the 
respective candidate base stations 20, 30 that the serv- 
ing base station 10 will transmit a control message to 
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the mobile 40. That is, embedded in the down link mes- 
sage is an instruction informing the candidate base sta- 
tions 20, 30 that the serving base station 1 0 will transmit 
a control message to the mobile 40 at a specific time, 
such as a number of symbol clock cycles from the trans- 
mission of the down link message transmitted to the 
candidate base station 20, 30. For example, embedded 
in the down link message is an instruction informing the 
candidate base station 20, 30 that the serving base sta- 
tion 10 will transmit a control message to the mobile 40 
at time T m , as shown in Fig. 4. 

[0034] The candidate base stations 20, 30, which 
have been synchronized with the serving base station 
10, count down to the specific time that the down link 
message indicates as when the serving base station 1 0 
will transmit the mobile control message, and then 
starts counting from that specific time T m . At step S240 
of Fig. 6, the serving base station 10 transmits the 
mobile control message. The mobile control message 
instructs the mobile 40 to transmit an uplink "event" 
which, for example as described above, is a symbol 
phase change occurrence in TDMA. Accordingly, the 
mobile 40 receives the mobile control message from the 
serving base station 10 and transmits a reply uplink 
"event" to the base stations 1 0, 20 and 30. At step S250, 
the base stations 10, 20, 30 receive the reply uplink 
"event" and measure the receipt time of the reply uplink 
"event" in a manner similar to step S110 described 
above for Fig. 5. 

[0035] At step S260 of Fig. 6, the base stations 1 0, 
20 and 30 determine the time difference between the 
transmission time of the mobile control message sent 
from the serving base station 10 and the receipt time of 
the mobile 40 uplink "event" received at the respective 
base statjon 1Q 2Q and 3Q The djfferences f 0rtne can. 

didate base stations 20 and 30 are determined in a 
manner similar to the approach discussed above for 
step S120 in Fig. 5. In this embodiment, the difference 
between the transition time of the mobile control mes- 
sage from the serving base station 1 0 and the receipt 
time of the mobile uplink "event" is determined as the 
sum of the down link offset D 0 , the uplink offset U 0 and 
the number of integer symbol counts at the respective 
serving base station 20 and 30 that have transpired 
between the time T m and the uplink offset U 0 . 
[0036] It is understood that this time difference 
should not include delays that are unique to each base 
station 20, 30. These delays include a group delay of 
the candidate base station 20 and 30 receiver path, and 
a delay due to the distance between the serving base 
station 1 0 and the candidate base station 20 and 30. 
However, both these delays are known or can readily be 
determined. The group delay is the delay of the signal 
as it passes through base station receiver circuitry, base 
station transmit circuitry, or mobile receive or transmit 
circuitry. The group delay is a constant value but must 
be measured for each base station. The delay between 
the base station and the candidate base station is due 



to the distance that the RF signal travels, in nanosecond 
per foot. 

[0037] The time difference between the transmis- 
sion time of a signal from the serving base station 1 0 

5 and the receipt time of the mobile 40 uplink "event" at 
the serving base station 10 is determined in a manner 
similar to the approaches discussed above at steps 
S120 and S260 for the candidate base stations 20 and 
30. However, because the serving base station 10 is 

10 synchronized with itself, and its down link "event" and 
mobile control message are transmitted from the serv- 
ing base station 10 at the beginning of a symbol clock 
cycle, there is no down link offset D 0 . Therefore, the 
time difference at step S260 for the serving base station 

w 1 0 is equal to the sum of the number of integer internal 
symbol counts at the serving base station 10 that have 
transpired between the transmission of the mobile con- 
trol message at time T m and receipt of the uplink "event" 
at time T 5 , and the uplink offset U 0 which is the frac- 

20 tional part of a symbol time from the previous whole 
symbol to the uplink "event", receipt time T 5 . 
[0038] As described above for the candidate base 
stations 20 and 30, known group delays are then sub- 
tracted from the sum to arrive at a time difference con- 

25 sistent with the time difference as determined for the 
candidate base stations 20 and 30. For the serving base 
station 10, the delays include a group delay of the 
receiver at the serving base station 1 0 from the actual 
time of receipt of the uplink "event" at the receiver to the 

30 recording time of the time stamp. Another delay at the 
serving base station 1 0 is the transmitter group delay 
measured as the difference in time between receipt of 
an instruction to transmit a signal and the actual time of 
the transmission. As noted above, these counts are 

35 known or can be readily determined. 

[0039] As shown in Fig. 6, after the time differences 
between the transmission time T 4 the mobile control 
message and the receipt time T m of the mobile uplink 
"event" are determined at step S260, the candidate 

40 base stations 20 and 30 transmit the time differences to 
the serving base station 10. At step S270, the serving 
base station 1 0 receives the time differences from the 
candidate base stations 20, 30. At step S280, a compu- 
ter located, for example, at the serving base station 1 0 

45 uses TDOA to determine the position of the mobile 40 
based on the time differences. The TDOA technology 
used to determine the position of the mobile 40 is well 
known and is based on the difference in time between 
when the base stations 1 0, 20 and 30 receive the uplink 

50 "event". 

[0040] It is also understood that a delay exist in the 
mobile 40 between when the mobile 40 receives the 
mobile control message and when the mobile 40 trans- 
mits the "event". However, this mobile delay is identical 
55 for each of the determined time differences, and is 
therefore cancelled out where the time differences from 
one of the base stations 10, 20 and 30 are compared to 
another of the base stations 10, 20 and 30. 
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[0041] The above embodiments are described in 
relation to a TDMA system. For an AMPS system, the 
approach is basically identical. The relevant difference 
between the approaches is that the uplink "event" trans- 
mitted by the mobile 40 is an AMPS event instead of a 
TDMA event Accordingly, the uplink "event" is meas- 
ured by, for example, receipt of a mobile identification 
number included in the uplink signal. The mobile identi- 
fication number is located at a predetermined point in 
the transmission string of the "event" data transmitted 
on the reverse channel. 

[0042] While this invention has been described in 
connection with specific embodiments thereof, it is evi- 
dent that many alternatives, modifications and varia- 
tions will be apparent to those skilled in the art. 
Accordingly, the preferred embodiments of the invention 
as set forth herein are intended to be illustrative, not lim- 
iting. Various changes may be made without departing 
from the scope of the invention as defined in the follow- 
ing claims. 

Claims 



A method for synchronizing a first station and a sec- 
ond station, comprising: 



25 



(a) receiving a first signal from the first station, 
the first station having a clock signal unsyn- 
chronized with a clock signal of the second sta- 
tion; 30 

(b) measuring a receiving time of the first signal 
in relation to the clock signal of the second sta- 
tion; 

35 

(c) determining a transmission time of the first 
signal based on the measured receiving time of 
the first signal and a distance between the first 
station and the second station, in relation to the 
clock signal of the second station; and ao 

(d) synchronizing the clock signal of the second 
station to the clock signal of the first station 
based on a signal cycle difference between the 
clock signals at the transmission time. 45 

2. The method of claim 1 , further comprising: 

(e) receiving a second signal; 

50 

(f) measuring a receiving time of the second 
signal in relation to the clock signal of the sec- 
ond station; and 

(g) determining the difference between the ss 
transmission time of the first signal and the 
receiving time of the second signal. 



3. The method of claim 2, wherein the second signal is 
received from a source other than the first station. 

4. The method of claim 1 , further comprising: 

(e) measuring a predetermined time based on 
the first signal in relation to the clock signal of 
the second station; 

(f) receiving a second signal; 

(g) measuring a receiving time of the second 
signal in relation to the clock signal of the sec- 
ond station; and 

(h) determining a difference between the pre- 
determined time and the receiving time of the 
second signal. 

5. The method of claim 4, wherein the predetermined 
time is indicative of a time when the first station 
transmits a control message. 

6. The method of claim 4, wherein the second signal is 
received from a source other than the first station. 

7. A method for synchronizing a first station and a plu- 
rality of second stations, comprising: 

(a) transmitting a down link message to the 
second stations to synchronize a symbol clock 
of each of the second stations to a symbol 
clock of the first station; 

(b) transmitting a control message to the 
mobile at a predetermined time, the control 
message requesting a reply message from the 
mobile; 

(c) receiving the reply message from the 
mobile and measuring a time that the reply 
message was received at the first station as a 
first station receiving time; 

(d) determining a difference between the pre- 
determined time and the first station receiving 
time as a first station time difference; and 

(e) receiving messages from the second sta- 
tions representing a difference between the 
predetermined time and a time that the reply 
message was received at each second station 
as a plurality of second station time differences, 
so a location of the mobile can be determined. 

8. The method of claim 7, prior to step (a), further 
comprising: 
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(x) transmitting a request message to a plural- 
ity of nearby stations to determine a strength of 
a signal originating from a mobile; 

(y) receiving response messages from the 5 
nearby stations indicating the strength of the 
signal originating from the mobile; and 

(z) determining the nearby stations having the 
strength greater than a predetermined amount 10 
as the second stations. 

9. The method of claim 7, prior to step (a), further 
comprising: 

15 

(z) receiving one of a 91 1 call and a mobile 
locate call as a mobile locate request, 
wherein step (a) transmits the down link mes- 
sage to the second stations based on the 
mobile locate request 20 

10. The method of claim 7, wherein the down link mes- 
sage informs the second station of the predeter- 
mined time when the control message is 
transmitted. 25 

11. A synchronization system implemented on a com- 
puter, comprising: 

means for receiving a first signal from the first 30 
station, the first station having a clock signal 
unsynchronized with a clock signal of the sec- 
ond station; 

means for measuring a receiving time of the 35 
first signal in relation to the clock signal of the 
second station; 

means for determining a transmission time of 
the first signal based on the measured receiv- 40 
ing time of the first signal and a distance 
between the first station and the second sta- 
tion, in relation to the clock signal of the second 
station; and 

45 

means for synchronizing the clock signal of the 
second station to the clock signal of the first 
station based on a signal cycle difference 
between the clock signals at the transmission 
time. 50 

12. The synchronization system of claim 11, further 
comprising: 

subsequent means for receiving a second sig- 55 
nal; 

subsequent means for measuring a receiving 



time of the second signal in relation to the clock 
signal of the second station; and 

subsequent means for determining the differ- 
ence between the transmission time of the first 
signal and the receiving time of the second sig- 
nal. 

13. Tbe synchronization system of claim 11, wherein 
the second signal is received from a source other 
than the first station. 

14. The synchronization system of claim 11, further 
comprising: 

first subsequent means for measuring a prede- 
termined time based on the first signal in rela- 
tion to the dock signal of the second station; 

subsequent means for receiving a second sig- 
nal; 

second subsequent means for measuring a 
receiving time of the second signal in relation to 
the clock signal of the second station; and 

subsequent means for determining a difference 
between the predetermined time and the 
receiving time of the second signal. 

15. The synchronization system of claim 14, wherein 
the predetermined time is indicative of a time when 
the first station transmits a control message. 

16. An executable program embodied on a computer- 
readable medium for synchronizing a first station 
and a second station, comprising: 

a receiving source code segment for receiving 
a first signal from the first station, the first sta- 
tion having a clock signal unsynchronized with 
a clock signal of the second station; 

a measuring source code segment for measur- 
ing a receiving time of the first signal in relation 
to the clock signal of the second station; 

a determining source code segment for deter- 
mining a transmission time of the first signal 
based on the measured receiving time of the 
first signal and a distance between the first sta- 
tion and the second station, in relation to the 
clock signal of the second station; and 

a synchronizing source code segment for syn- 
chronizing the clock signal of the second sta- 
tion to the clock signal of the first station based 
on a signal cycle difference between the clock 
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signals at the transmission time. 

17, A computer data signal, comprising: 

a receiving signal segment for receiving a first s 
signal from the first station, the first station hav- 
ing a clock signal unsynchronized with a clock 
signal of the second station; 

a measuring signal segment for measuring a to 
receiving time of the first signal in relation to the 
clock signal of the second station; 

a determining signal segment for determining a 
transmission time of the first signal based on 75 
the measured receiving time of the first signal 
and a distance between the first station and the 
second station, in relation to the clock signal of 
the second station; and 

20 

a synchronizing signal segment for synchroniz- 
ing the clock signal of the second station to the 
clock signal of the first station based on a sig- 
nal cycle difference between the clock signals 
at the transmission time. 25 
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FIG. 3 
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FIG. 5 
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FIG. B 
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FIG. 7A 
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